Introduction
Urbanization is steadily increasing worldwide: today, more than half of the world's population lives in a city (United Nations 2014). Although health in general is better in urban areas (Dye 2008) , living in a city has adverse effects on peoples' mental health (Cyril et al. 2013) . Depression, anxiety disorders, autism, substance abuse, schizophrenia, and behavioral problems are significantly more prevalent in urban residents than in those living in more rural areas (e.g., Peen et al. 2010) . The current view holds that a greater demand for social stress processing in cities may explain this (Mizrahi 2016; van Os et al. 2010) . For example, people living in cities may be more likely to be confronted with social stressors such as social evaluative threat, social defeat and chronic social stress (Lederbogen et al. 2011) . Evidence suggests that the association between urbanicity and mental health is not the consequence of indirect processes, such as selective migration, but that urban-living constitutes an independent risk factor for mental health problems (Krabbendam and van Os 2005) . Retrospective studies suggest that having grown up in a city increases this risk (Marcelis et al. 1998) .
Only a few studies have considered associations between urbanicity and developmental outcomes in children. Rutter and colleagues reported a higher prevalence of psychiatric disorders in children living in inner-city London compared to those living in rural towns on the Isle of Wight (Rutter 1981; Rutter et al. 1975) . In this seminal study, it was found that rates of both conduct disorders (e.g., aggression, delinquency) and emotional disorders (e.g., fears, worry, unhappiness) were higher in residents of urban compared to rural areas (Rutter et al. 1975; Rutter 1981) . Since then, a few large-scale studies utilizing national registry data confirmed this association. Autism spectrum disorder was reported to be more prevalent in children living in urban areas compared to rural areas (Lauritsen et al. 2014; Williams et al. 2006) . Similarly, children in Taiwan were more likely to receive a diagnosis of autism and attention deficit disorder when they were living in urban areas compared to rural areas (Chen et al. 2007; Lai et al. 2012) . A recent study showed that British children from urban areas reported more psychotic symptoms than those from rural areas (Newbury et al. 2016) . Thus, children who live in more urban areas may be especially at risk for developing (symptoms of) mental health problems. The previous research in children and adults suggests that the association is not specific to certain psychiatric disorders, rather, that it pertains to a broad range of problems, both behavioral and emotional in nature.
Of course, there are many potential risk factors for mental health problems in children, and urbanicity is only one of these. Most previous studies on urbanicity and mental health in children did not have detailed information at the individual and family level (e.g., family socioeconomic status, parental mental health). Yet, arguably the strongest predictors of mental health problems in children may be individual/family factors, for example, gender. Findings are consistent in that boys seem to show more behavioral problems, and girls seem to show more emotional problems, although this difference does not emerge until (pre-)puberty (Bongers et al. 2003) . Differences in ethnicity have also been documented: youth from non-western minorities tended to report more mental health problems (Reijneveld et al. 2005 ). Parental factors have been shown to be an important influence on behavioral and emotional problems in children, most prominently parental (symptoms of) psychopathology (Beardslee et al. 1998; Amrock and Weitzman 2014) . Parenting stress has been fairly robustly related to mental health problems (Ashford et al. 2008; Bayer et al. 2008) , with recent evidence suggesting bidirectional effects (Stone et al. 2016) . Parenting practices characterized by, for example, low support, poor monitoring and harshness, are another frequently-investigated parental factor. Such parenting practices have been associated with a higher prevalence of both behavioral (Rothbaum and Weisz 1994) and emotional (Rapee 2012) problems in children.
Low socioeconomic status is one of the most welldocumented environmental risk factors for mental health problems in children, whether measured at the family or neighborhood level (e.g., Duncan et al. 2016; Leventhal and Brooks-Gunn 2003; Sellstrom and Bremberg 2006) . Some studies suggested that family-level socioeconomic status mediates the relation between neighborhood-level socioeconomic status and mental health problems (Reijneveld et al. 2010) , although others reported that neighborhood-level effects may be more influential (Kalff et al. 2001; Sellstrom and Bremberg 2006) . There is a substantial amount of research concerned with the effects of the neighborhood on youth, underscoring how dangerous and disadvantaged neighborhoods can be detrimental for the development and functioning of youth (Caspi et al. 2000; Leventhal and Brooks-Gunn 2000) . These studies controlled for important individual and family factors, and provided evidence for specific aspects of the neighborhood that could be most influential (e.g., lack of social cohesion; Sampson et al. 1997 ) as well as family-level mediators (e.g., parenting practices; Odgers et al. 2012) . In our study, we controlled for neighborhood-level socioeconomic status.
In the current study, we examined whether urbanicity was a neighborhood-level risk factor for mental health problems in youth, independent of socioeconomic status. Most previous studies examining the urbanicity-mental health association focused on psychiatric disorders (i.e., whether individuals met diagnostic criteria for specific disorders such as schizophrenia or depression). In our study we were interested in mental health problems in a broader sense, therefore we examined children's behavioral and emotional problems as our outcome measure. These may include symptoms of psychiatric disorders, however children may not exhibit enough symptoms to warrant a diagnosis. In this way, subclinical behavioral and emotional problems are less severe, although they affect a larger portion of the population than clinical disorders do. Moreover, studies showed that children who exhibited subclinical behavioral and emotional problems reported significant impairment in their daily lives due to these problems (Ravens-Sieberer et al. 2008) and were more likely to be diagnosed with a clinical psychiatric disorder in adulthood (Dingle et al. 2010) .
Previous research on the association between mental health and urbanicity primarily entailed large-scale studies conducted at the national level. Such studies have been essential in establishing a posited link between urbanicity and mental health, however, detailed information at the individual/family level was often lacking. At this point, very little is known about whether urbanicity is associated with mental health while controlling for other known risk factors for mental health problems. Therefore, in this study, we tested whether urbanicity remained associated with behavioral and emotional problems when controlling for neighborhood (i.e., socioeconomic status), individual (i.e., gender, ethnicity), and family (i.e., socioeconomic status, parental symptoms of psychopathology, parenting stress, parenting practices) characteristics. We hypothesized that urbanicity would remain positively associated with behavioral and emotional problems when controlling for these other risk factors. Urbanicity was indicated by neighborhood-level density of surrounding addresses (a measure signifying the degree of human activity a given area).
Method

Participants
Participants were children in a larger longitudinal study on the development of social, emotional, and behavioral problems. The study was originally designed to test the effects of an intervention targeting behavior problems (see Witvliet et al. 2009 ). The current study focused on elementary school children; therefore we used data from the calendar years 2005-2010, when children were approximately 7 through 12 years old. We did not use data from 2008 due to a lack of home address information for that year. The final sample (N = 895; see section 'Available data') of the current study was based on available data on teacher-reported behavioral and emotional problems and home address (which was used to extract neighborhood-level information). In this final sample, approximately half were male (49%), the majority was of Dutch ethnicity (63%), and 32 percent were from low socioeconomic status families.
Procedure
The study protocol was approved by the Medical Ethics Committee of the Erasmus University Medical Center (protocol number MEC 199.979/2001/53) . The study was conducted via elementary schools that were located in two urban areas in the west of the Netherlands and one rural area in the east of the Netherlands. Recruitment of the schools took place in 2004, and the first 30 schools that agreed to participate were included in the study. Children who were in kindergarten classes at the start of the study, and whose parents gave informed consent, were included in the study. These children were subsequently followed: data were collected annually (in the spring) or biannually (in the spring and autumn) until 2011. For each new data collection wave, parents were informed of the data collection plans and were given the opportunity to revoke the inclusion of their child or themselves in the study. In 2005 and 2006, questionnaire packets were sent home to parents with questionnaires on, for example, parent symptoms of psychopathology and parenting practices.
Measures
Behavioral and emotional problems
Behavioral and emotional problems were reported by classroom teachers on the Problem Behavior at School Interview (Erasmus University Medical Center 2000) . This questionnaire was developed to assess symptoms of psychopathology in school-aged children. Teachers completed the questionnaire once or twice during each year of the study in a face-to-face interview with a research assistant. For each child in a classroom, they answered 39 items, rated on a five-point Likert scale, on five subscales indexing how often symptoms of anxiety, depression, attention deficit/ hyperactivity disorder, oppositional defiant disorder, and conduct disorder occurred. A shortened version (30 items) was used in the spring of 2006, the fall of 2007, and in 2009. Due to the focus of the current study on behavioral and emotional problems, we used the mean of the subscales for symptoms of oppositional defiant disorder and conduct disorder as an indication of behavioral problems, and the mean of the subscales for symptoms of anxiety and depression as an indication of emotional problems. We first computed the means for each composite subscale for each year of the study as the questionnaire was completed twice per year in 2006 and 2007, and once per year in 2009 and 2010. We then computed the means of the composite subscales across the 4 years of the study. The reliability statistics of the subscales were acceptable to excellent (mean Cronbach's α = .85, range: .73-.92).
Neighborhood characteristics
Neighborhood characteristics (i.e., urbanicity and socioeconomic status) were measured at the neighborhood level. Neighborhoods are defined by Statistics Netherlands as part of a municipality with a homogenous socioeconomic structure or planning, and have a population of approximately 1400 on average (Statistics Netherlands 2016). We extracted data on the neighborhood of each participant from Statistics Netherlands (Statistics Netherlands 2015) for each year of the study in which they participated.
Urbanicity was a continuous measure defined as the degree of human activity in a given area, with a higher score indicating a more urban area. It was based on the number of addresses within a circle of 1-kilometer radius around an address (surrounding address density; SAD; den Dulk et al. 1992) . To calculate this measure per neighborhood, the SAD is first calculated for each address in the neighborhood, subsequently the mean SAD of all addresses in a neighborhood is computed. Statistics Netherlands calculates this measure once per year. In the current study, we extracted the urbanicity measure for each neighborhood in our study, and averaged it across the 4 years (2006, 2007, 2009, 2010) of the study.
Neighborhood socioeconomic status was indicated by several characteristics of the neighborhood: average value of housing, mean income of persons with an income, mean income per person, proportion of persons with a high income, proportion of economically inactive persons, proportion of individuals receiving social welfare, number of motor vehicles per household and proportion of individuals with a non-western immigrant background. A principle components analysis of these variables was run for each year in order to summarize them. This resulted in two components, employment and income, which explained between 71-72% and 14-16% of the variance, respectively (employment M = 71%, SD = 1%, income M = 15%, SD = 1%, total M = 87%, SD = 0%). The factor scores per neighborhood had a mean of 0.02 (SD = 1.02) and −0.00 (SD = 1.04) for employment and income, respectively. The scores on each component were then averaged across the 4 years of the study. Occupations were classified into six categories and subsequently collapsed into three categories whereby a higher score indicated higher socioeconomic status (0 = low socioeconomic status or unemployed and lower-level occupations, e.g., bartender, receptionist; 1 = average socioeconomic status or middle-level occupations, e.g., doctor's assistant; 2 = high socioeconomic status or higherlevel and scientific occupations, e.g., elementary school teacher, clinical psychologist). We used the highest occupation of the mother or father reported in either year.
Parent symptoms of psychopathology was based on the Kessler Psychological Distress Scale (K-10; Kessler et al. 2002) , a short screening questionnaire filled in by both Parenting stress was indexed by the Nijmegen Parenting Stress Index (De Brock et al. 1992) . In 2005, the primary caregiver filled in the 11 items of the Parent Domain (e.g., Being a parent to this child is more difficult than I thought) and the 14 items of the Child Domain (e.g., My child seems to be more difficult to care for than most children), rated on a six-point Likert scale. In 2006, the primary caregiver filled in the items on the Parent Domain only. For each year, the mean of the scores on all items was taken as an indication of the parenting stress experienced. These scores were then averaged across the two measurements. The reliability of this scale in the current sample was good to excellent (2005: Cronbach's α = .92, 2006: Cronbach's α = .87).
Parenting practices were indicated by a composite score of two measures of parenting practices. Two subscales of the Alabama Parenting Questionnaire (APQ; Essau et al. 2006) were completed by the primary caregiver in 2005 and 2006. The 10 items of the Involvement and Poor Monitoring subscales were answered on a five-point Likert scale. The other subscales of the APQ (i.e., Positive Reinforcement, Inconsistent Discipline and Harsh Discipline) were not administered due our focus on parenting techniques and not discipline, and to minimize the participant burden. For the current analyses, all items of the Involvement subscale were reverse coded to reflect less optimal parenting (in order to maintain consistency with the other subscales). The primary caregiver also filled in the Parenting Scale (Arnold et al. 1993 ) during the same years. This scale has 30 items on three subscales, i.e., Laxness, Overreactivity, and Verbosity. All 30 items were completed in 2005, and 15 items were completed in 2006 (the Verbosity subscale was taken out of the questionnaire packet in 2006). In the current study, we used the general measure of Dysfunctional Parenting (all items). For each year, the mean of all items for each (sub)scale was calculated (i.e., Involvement, Poor Monitoring and all items of the Parenting Scale). The mean scores were subsequently standardized, after which the standardized means of all (sub)scales were averaged to a general measure of parenting practices, with greater scores indicating less optimal parenting practices (i.e., less involvement and a higher degree of poor monitoring, laxness, overreactivity and verbosity). This was done for both years; the mean of both years was then taken. The reliability for most of the subscales was acceptable to good (Involvement: .78 and .82, Poor Monitoring: .73 and .63, Dysfunctional Parenting: .76 and .70, for 2005 and 2006, respectively) .
Individual characteristics
Child gender (0 = male, 1 = female) and ethnicity (0 = Dutch, 1 = non-western immigrant background) were reported by the primary caregiver in 2005. Children were considered to have a non-western immigrant background if they or one of their parents were born in a non-western country. No children had a western immigrant background. Because some children participated in a classroom-level intervention in 2005 and 2006 (see 'Procedure' section) intervention status (0 = control, 1 = intervention), was controlled in all analyses.
Data Analyses
Available data
The larger study from which the data for the current analyses were taken was conducted from 2004 until 2011, with data collection waves once or twice a year. In total, n = 1084 children consented to participate in at least one of the data collection waves. The focus of the current study was on elementary school children, therefore we used data from when children were aged 8, 9, 11 and 12 years (calendar years 2006, 2007, 2009, 2010) . Kindergarten classes were recruited in 2004. These classes were then followed, largely consisting of the same individuals, although through the years some children moved to different classrooms or schools, and other children entered the participating classrooms. When their parents and their teacher consented, children who moved out of a participating classroom were also followed to their new classroom, and in some cases the other children in the new classroom also entered the study (see Supplementary Figure 1 for a flowchart of the study sample). Data were considered complete for each participant if there was information on the home address of the participant as well as teacher-reported information on behavioral and emotional problems. If, for any year, information on behavioral and emotional problems was known, but the participant's home address was not, the outcome data were considered missing. During the course of the study, six participants moved between 2006 and 2007; no one moved (and remained in the study) between any other years. For these six participants, all data from 2006 were considered missing because the 2006 neighborhood data differed from the 2007-2010 neighborhood data.
During the four years of data collection that we included in our study, N = 1027 children participated during at least one of these years. Of these children, information on behavioral and emotional problems was available for N = 1011 children. Of these children, home address data were available for N = 936 children. Because we were interested in associations between neighborhood-level variables and individual outcomes, we excluded all neighborhoods in which only one participant lived (n = 41), which led to our final sample for the main analysis of N = 895. Children who were included in the final sample (N = 895) exhibited fewer teacher-reported behavioral (t = 3.57, p < .001) and emotional (t = 3.78, p < .001) problems, and were more likely to have Dutch ethnicity (χ 2 = 4.57, p = .03) and to have participated in the intervention (χ 2 = 7.76, p = .01) compared to those who participated in the study but were not included in the final sample (N = 132). These samples did not differ regarding gender and family socioeconomic status. In the final sample (N = 895), data were available for 53% of the children for all 4 years (3 years: 15%, 2 years: 23%, 1 year: 9%). Parent data (for at least one measure) were available for 74% of the sample, which led to our final samples of n = 617 regarding family socioeconomic status and n = 435 regarding all other parental variables.
Our complete sample of N = 895 participants was from 30 schools and 32 neighborhoods. On average, there were 30 participants from each school (range = 9-126). These schools were distributed across 19 neighborhoods. Seventynine percent of the participants lived and went to school in the same neighborhood. Each neighborhood was home to between 2 and 128 participants (M = 28), and 69% of the neighborhoods were home to at least 10 participants. On average, the neighborhoods in our study were more urban than the Netherlands as a whole (average SAD in the current sample = 3589 addresses; average SAD of the Netherlands during the years that the study took place = 1890 addresses).
Analyses
All variables were averaged across the 4 years of the study (or 2 years in the case of family characteristics) in order to obtain robust measures. We calculated descriptive statistics and zero-order correlations. Subsequently, all variables were centered and scaled in order to facilitate comparison of the coefficients. Intraclass correlations were calculated with the package multilevel (Bliese 2013 (Bliese ) in R (2015 .
Models were specified with the pbkrtest package (Halekoh and Hojsgaard 2014), which depends on the lme4 package (Bates et al. 2011 (Bates et al. ) in R (2015 . The structure of our data was such that individuals were nested within neighborhoods and schools, which were cross-nested. We specified separate models for behavioral and emotional problems. We began by specifying empty models with a random intercept for school (i.e., we specified one empty model with the outcome of behavioral problems, and one empty model with the outcome of emotional problems). We then examined whether including a random intercept for neighborhood improved the model significantly. If this was the case, the random intercept was retained in the model.
We ran a series of linear mixed effects models to determine whether urbanicity was significantly associated with behavioral and emotional problems, and whether this remained so when controlling for the other risk factors. We first added (clusters of) the risk factors in a stepwise, additive manner, and as the last part of each step we entered urbanicity to determine whether it remained significantly associated with behavioral and emotional problems while controlling for the other risk factors. We used the 'mixed' call in 'pbkrtest', and F tests and degrees of freedom were based on the Kenward Rogers approximation (method = KR; Halekoh and Hojsgaard 2014) . We compared models with and without urbanicity included using −2 log likelihood statistics. Specifically, in the first set of models, we included only the predictor urbanicity (Step I). In the second set of models, we added neighborhood socioeconomic status: employment and neighborhood socioeconomic status: income (Step II). Then, we added individual characteristics (i.e., child gender and ethnicity;
Step III). In Step IV we added family socioeconomic status and in Step V we added parental symptoms of psychopathology, parenting stress and parenting practices. We controlled for intervention status in all models. In each model, coefficients were considered statistically significant at p < .05.
Results
Descriptive statistics and correlations between study variables are given in Tables 1 and 2 , respectively. All variables were normally distributed, except parent psychopathology (skewness = 2.39, SE = 0.11; kurtosis = 9.43, SE = 0.23) and parenting stress (skewness = 1.46, SE = 0.11; kurtosis = 2.97, SE = 0.23). Behavioral and emotional problems were strongly and positively correlated. Parental variables were available for a subsample of participants, therefore complete data for all variables as tested in the final models were available for a subsample (n = 435) of the entire sample (N = 895). We examined whether participants who were in this subsample differed from those who were not. Subsample participants had fewer behavioral and emotional problems, were from neighborhoods that were less urban and had a higher socioeconomic status (employment component only), were more likely to be of Dutch ethnicity and from a family with high socioeconomic status, and were more likely to have participated in the intervention compared to those who were not included in the final models (see Supplementary Table 1) .
Preliminary Models
Participants were clustered by school and neighborhood. We defined the empty models for behavioral problems and emotional problems separately. We first included a random intercept for school, which significantly improved the fit of the models. Subsequently, we added a level for neighborhood, but this did not improve the models significantly. Therefore, we estimated two-level models with participants at the first level and school at the second level.
We calculated intraclass correlations (ICC) using the empty models as indications of reliability. The ICC1 indicates the percentage of variance in behavioral and emotional problems that can be explained by group membership. ICC1 statistics were higher for school than for neighborhood. These, as well as the statistics for the fixed and random effects, are given in Table 3 . The ICC2 is an indication of reliability and should be >.70 (Bliese 2000) . In the empty models for both behavioral and emotional problems, the ICC2 was only >.70 for the school cluster. This is consistent with the finding described above that adding a random intercept for neighborhood did not improve the empty models significantly. Note: Neighborhood urbanicity is based on the surrounding address density. Urbanicity, SES employment and SES income were measured at the neighborhood level. Higher scores on parenting practices indicate less optimal parenting practices F frequency (%), SD standard deviation, Est estimate, SE standard error, SES socioeconomic status
Urbanicity
We first examined whether living in a more urban area was significantly associated with more behavioral and emotional problems in children. Results from these first models (see Table 3 ) showed that children who lived in more urban areas during elementary school were more likely to show behavioral and emotional problems as reported by their teachers. Figure 1 depicts the average scores for behavioral and emotional problems per neighborhood, divided into neighborhoods with a low SAD (−1 SD), medium SAD and high SAD (+1SD).
Control Variables
We then examined whether urbanicity was associated with behavioral and emotional problems while controlling for other major risk factors. Results from the second set of models showed that urbanicity remained significantly associated with behavioral and emotional problems when controlling for both components (employment and income) of neighborhood socioeconomic status. Results from Step III showed that urbanicity was associated with behavioral and emotional problems when additionally controlling for gender and ethnicity. Results from Step IV showed that urbanicity was significantly associated with behavioral problems when additionally controlling for family socioeconomic status. In the model predicting emotional problems, urbanicity was no longer a significant predictor (p = .05). In the final models, we included all abovementioned predictors as well as three parent characteristics: parent symptoms of psychopathology, parenting stress and parenting practices. In these models (Step V), urbanicity remained significantly associated with behavioral and emotional problems. Intervention status was controlled in all models and was never significantly associated with behavioral or emotional problems.
Discussion
In the current study, we investigated whether children living in more urban areas were more likely to exhibit behavioral and emotional problems. The results showed that neighborhood-level urbanicity was associated with more behavioral and emotional problems, as reported by the children's teachers. Importantly, urbanicity remained significantly associated with behavioral and emotional problems when controlling for other major risk factors for mental health problems in children, that is, two components of neighborhood-level socioeconomic status (employment and income), gender, ethnicity, family-level socioeconomic status, parental symptoms of psychopathology, parenting stress and parenting practices. There was one exception: when family socioeconomic status was included in the model the association between urbanicity and emotional problems was only marginally significant. Earlier studies posited that effects of urbanicity on mental health problems may be due to selective migration, or the tendency of vulnerable individuals to migrate to urban areas (Dunham 1965) . However, empirical evidence against this hypothesis has accumulated and provided increasing support for urban-living as an independent risk factor for mental health problems (e.g., Marcelis et al. 1998; Krabbendam and van Os 2005; Pedersen and Mortensen 2001) . The current view holds that a greater demand for social stress processing in cities may be the fundamental underlying mechanism (Mizrahi 2016) . Social stress is a powerful stressor elicited by, for example, a crowded environment (Schwab et al. 1979) , greater anonymity (Leviton et al. 2000) , competition for resources (Selten and Cantor-Graae 2005) , perceived isolation (Van Os et al. 2000) , encounters with strangers and unclear dominance order (Zayan 1991) . These factors can increase the threat of Note: The statistics for each model are from the model including urbanicity. χ 2 statistics use −2 log likelihood estimates to compare the model without urbanicity and the model with urbanicity included (df = 1). Urbanicity, SES employment and SES income were measured at the neighborhood level. Gender was coded as 0 = male, 1 = female; ethnicity as 0 = Dutch, 1 = non-western immigrant background. Statistics for low and average family SES are in comparison to high family SES. Higher scores on parenting practices indicate less optimal parenting practices. Random effects were based on the models in Step I. ICC statistics were calculated using the empty models. The n of the first (individual) level differed per step: I-II: N = 895; III: n = 726; IV: n = 617; VI: n = 435. The N of the second (school) level was always 30
Est estimate, SE standard error, SD standard deviation, ICC intraclass correlations, Nbh neighborhood, SES socioeconomic status bold = p < .05 (fixed effects); ***p < .001; **p < .01; *p < .05 (χ 2 statistics) social evaluation (Leary and Baumeister 2000) and defeat (Selten and Cantor-Graae 2005) . There may be evidence underscoring the notion that heightened social stress processing in city-dwellers indeed underlies the association between urbanicity and mental health problems. A functional neuroimaging study showed that adults who grew up in cities responded differently to social stress compared to those who grew up in towns or rural areas (Lederbogen et al. 2011) . In another study, urban upbringing in adults was associated with dysregulated biological stress responses (Steinheuser et al. 2014) . In youth, there is also beginning evidence that living in more urban areas is related to dysregulated biological stress system functioning (Evans et al. 2013) . Our study highlights the need for further research that contributes to understanding how urbanicity is associated with mental health.
Our study extends the findings from previous research by demonstrating that living in more urban areas may be associated with subclinical mental health problems. Most previous research examined the association between urbanicity and psychiatric disorders in children (e.g., Lauritsen et al. 2014 ) and adults (Peen et al. 2010) . The current study and a recent British study (Newbury et al. 2016) showed that living in a more urban area was also associated with exhibiting more symptoms of psychiatric disorders. Related research furthermore showed that children living in more urban areas were more likely to have intellectual disabilities (Rutter 1981) and poorer academic achievement (VotrubaDrzal et al. 2016; Miller et al. 2013 ) than their rural counterparts. As these subclinical mental health and developmental problems affect a much larger portion of the population than clinical psychiatric disorders, the current findings underscore the importance of further research regarding mechanisms underlying the association between urbanicity and development as well as research on how to begin to dismantle this association, for example, by connecting child development research to research on urban design.
Considering that previous studies found associations between urbanicity and a wide range of psychiatric disorders (see Rutter 1981; Peen et al. 2010) , we chose to examine the broader dimensions of behavioral and emotional problems, also often referred to as externalizing and internalizing problems, respectively. Behavioral and emotional problems have been shown to reflect the underlying dimensions of psychiatric disorders (Achenbach and Edelbrock 1978; Carragher et al. 2015) . Although some have suggested a general p factor for psychiatric disorders (Caspi et al. 2014; Lahey et al. 2011) , consensus seems to converge on the two-dimensional structure. This structure holds across various subpopulations based on age (Eaton et al. 2011) , gender (Eaton et al. 2012) , ethnicity (Eaton et al. 2013 ) and culture (Kessler et al. 2011) , and has been confirmed by genetic studies (Kendler et al. 2011; Rhee et al. 2015) . Behavioral and emotional problems are certainly linked, as co-occurrence of these dimensions is common (Lilienfeld 2003) . However, it is clear that the dimensions are also distinct, with the differences seeming to be associated with personality factors: behavioral problems are characterized by disinhibitory personality traits (Krueger and South 2009 ) whereas emotional problems are commonly typified by negative affect (Kendler and Myers 2014) . In line with this previous research, behavioral and emotional problems were positively correlated in our study.
Urbanicity was associated with both behavioral and emotional problems in the current study, and this remained so when controlling for several other neighborhood-familyand individual-level factors. Although this is an important step in understanding the association between urbanicity and mental health, it is much too simplified. Neighborhood, family, and individual processes are inter-related and have bi-directional influences on each other (Leventhal et al. 2016; Mulatu and Schooler 2002) . For example, as suggested in the reports of the Isle of Wight studies, the effects of urbanicity on children's mental health may operate through parents and families (Rutter 1981) . Evidence from a similar line of research likewise indicated that family factors such as socioeconomic status (Reijneveld et al. 2010 ) and parenting (Odgers et al. 2012 ) mediated the effects of neighborhood socioeconomic status on children's behavioral problems, although other studies found neighborhood Fig. 1 Behavioral and emotional problems per neighborhoods with low, medium and high urbanicity (surrounding address density). Note. PBSI Problem Behavior at School Interview, SAD surrounding address density. Low/high surrounding address density corresponds to 1 standard deviation below/above the average. Averages were first calculated per neighborhood. Error bars indicate standard deviations. There were n = 5 low SAD neighborhoods, n = 20 medium and n = 7 high effects to function over and above family-and individuallevel effects on behavioral problems (Kalff et al. 2001) . Relatedly, socioeconomic status may moderate (Rudolph et al. 2014) or mediate (Kovess-Masfety et al. 2005 ) the association between urbanicity and emotional problems. Furthermore, researchers have found that individual factors such as temperament mediated neighborhood influences on mental health (Bush et al. 2010 ) and that specific neighborhood factors such as social cohesion and social control mediated the effects of urbanicity on psychotic symptoms (Newbury et al. 2016) . Thus, it is inferable that the associations between urbanicity and mental health operate through and are modified by various neighborhood-familyand individual level factors. Our study can therefore be seen as a stepping stone to further studies that will delineate more specific pathways between urbanicity and mental health.
Across the world, urbanization is steadily increasing (United Nations 2014), and because of this, there is an urgent need to fully grasp the way in which living in more urban areas affects youth's development. First, we need to shed more light on the causality of urbanicity in influencing underlying mechanisms and mental health measures. Several studies provided evidence for a dose-response relation between urbanicity and psychiatric disorders (e.g., Pedersen and Mortensen 2001; Lauritsen et al. 2014 ) which suggests causality (Hill 1965) . Further studies are needed that track individuals, more preferably families, from birth while including data on potential underlying mechanisms between urbanicity and mental health problems. Importantly, more effort needs to be undertaken to combine and share findings across disciplines (i.e., developmental psychology, sociology, public health), and to extend these findings in order to inform public policy. For example, a recent surge of research showed that there may be beneficial effects for mental health of living near green spaces within urban areas (Flouri et al. 2014 ). This research can guide public officials in designing and developing public spaces, such as neighborhoods (Hartig and Kahn 2016) , and playgrounds (Bagot et al. 2015) .
Limitations
The results of our study should be considered in light of the following. We used a cross-sectional design, averaging all variables across 5 years during elementary school. We chose to perform the analyses with this design because we were not interested in the development of behavioral and emotional problems over time, in relation to urbanicity. In this initial study, our goal was to assess the association between urbanicity and mental health in children while controlling for other important risk factors for mental health problems. It is important to keep in mind that our sample was fairly urban in comparison to the Netherlands as a whole. We used the continuous measure of surrounding address density (as opposed to a categorical measure as is sometimes employed) in order to take full advantage of the variance in urbanicity in our sample. The findings, however, may not be generalizable to more rural samples, and further research is needed to confirm these findings in other samples. Also, we used 'administrative' neighborhoods as defined by Statistics Netherlands in order to obtain objective measures of the neighborhood. Neighborhoods are defined based on areas with a homogenous socioeconomic structure (Statistics Netherlands 2016), however, they may differ from 'natural' neighborhoods, or neighborhoods as perceived by the inhabitants, which may be more ecologically valid. Another limitation is that children's behavioral and emotional problems were assessed by a single informant. We used teachers' reports on the Problem Behavior at School Interview because it was consistently implemented (i.e., for all children and across all years of the study). A number of additional questionnaires that assessed behavioral and emotional problems were administered during some years of the study to teachers, parents and classmates, and these data largely coincided with the teacher reports used in the current study (data available upon request). Also, two of our predictors (parent psychopathology and parenting stress) were skewed. Although the extreme values of these predictors may have a disproportionate effect on the regression coefficients, regression analyses in large samples such as ours are fairly robust against assumptions of normality (Lumley et al. 2002) . In addition, although we assessed a number of factors that could explain the association between urbanicity and behavioral and emotional problems in children, there are other factors that could explain this association that were not included in our study, such as neighborhood social cohesion and social control (Newbury et al. 2016) , or excessive noise levels (Pujol et al. 2014 ). In addition, we did not account for comorbidity, as we examined behavioral and emotional problems in separate models. Finally, we did not test for moderation or mediation effects, as this was beyond the scope of the current study. However, as discussed above, urbanicity is likely to be associated with mental health via or modified by other neighborhood-, family-and individual-level factors, and this would be an interesting avenue for further research. of the final manuscript. A.C.: collaborated with the writing and editing of the final manuscript. P.L.: acquired funding for the larger study of which the current study was a part, designed the larger study, collaborated with the design of the current research questions and collaborated with the writing and editing of the final manuscript.
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